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Abstract 
Palma Beach is the most developed tourist area in the Balearic Islands, there is a Master Plan who wants to build a District 
Heating and Cooling system. The aim of this study is to identify the viability of integrating Large Solar Plants, in buildings of 
tourist and residential areas. The energy costs, by a sample of collectors with different temperatures will be used in this study. 
The results show that collective system can reduce about a 60 % the CO2 emissions using only Solar Thermal energy and find out 
future net zero energy building scenarios with other renewable energy sources. 
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1. Introduction 
The Balearic Islands have 2.519 Hotel industries with 422.918 beds, where almost the 10% it’s located at Palma 
Beach. Their hotels they have an average energy consumption of 150 kWh/m² per year [2]. This energy consumption 
increases during summer months, when the solar radiation reaches its maximum values. In addition, Palma Beach 
has most of hotels open from March to November with a medium occupancy of the 70%. With this actual condition 
makes than Energy for Solar Heating (SH) and Solar Cooling (SC) it’s only interesting for big hotels open almost all 
the year [1]. 
There is an addition factor to be considered in Spain; most of the tourist areas had a vacation residential area that 
now has become with the increase of housing prices a permanent residential area. These residential areas have more 
constant energy demand during the year than the hotels; this reality can develop a new scenario with a good 
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symbiosis with the hotels energy systems. These residential areas were built at 70-80’s most of them using electricity 
or gas for Domestic Hot Water (DHW) production, without solar energy systems.  
Considering the fact that the buildings operational costs are growing more than 10% per year [9], this problem 
will get worse unless some actions are taken; there is a clear need to install renewable energies with a proper 
maintenance, refurbishment or retrofitting (upgrading) of the building. Such actions some times are difficult to adapt 
in existing buildings, especially solar collectors because they need a free surface, well oriented, without sun access. 
2. Solar district 
Using Solar Energy in smaller or temporally occupied hotels seems an excellent chance for hotel managers, 
especially for summer hotels, combined with biomass. The biggest problem of the Solar Energy technology and 
Biomass is a big initial investment that is underused during several months, when the occupation are low at the 
buildings, which creates overheating and make longer the pay-back. Another problem is the integration of the solar 
systems, most of the existing hotels in the Balearic Islands were built during the 1970 – 1980s [6], with a vertical 
structure, and some times without enough roof surface to become a Net Zero Energy Building by installing the 
appropriate solar thermal and photovoltaic collectors. In existing buildings for residential use the problem is bigger 
due to the roof being occupied or not being properly sun access, and there isn’t enough space to install central Solar  
thermal storage systems.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. View of Palma Beach [2] 
 
This could be solved by using Large Solar Energy Centralized plants and sell the energy with District Heating 
Systems, where the hotels and residents can buy energy according to their necessities. The Palma Beach has more 
than 4 millions of m2 built, and more than 16.000 houses, flats or apartments.  The Palma Beach has in summer the 
similar quantity of tourists (maximum of 43.000) than established people (minimum of 34.000) that makes even 
more interesting creating of District Heating and Cooling system combined with large Solar Plants, and share 
thermal resources between buildings. The distance to cover the maximum concentration of buildings (residential and 
hotels) is about 6 kilometers, There could be different scenarios studied, one installing a Large Solar Plant in the 
middle, another with two Large Solar Plants and another with distributed generation (private roofs, and smaller solar 
plants in public areas). Palma Beach has a very ambitious Plan with a refurbishment or retrofitting in a lot of 
buildings, including public areas and it’s planned to build a District Heating and Cooling system with biomass, with 
a total cost of 11,5 M€ [3]. 
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3. Results 
The conclusion of some studies are that large Central Solar Heating Plants are an interesting, promising and 
environmental friendly alternative for covering the heating demand in residential buildings in Spain. They will 
become competitive in the next coming years, these studies have dimensioned different systems according to the 
whether conditions, for example in Barcelona with a surface of solar collectors of  3000 m2 we can provide energy 
to 1000 apartments of 100 m2, with a seasonal storage. The estimated cost of the heat produced with a solar fraction 
of about 50% in some cases is competitive with the heat cost of domestic heat boilers, which is a very common 
solution for heating in residential buildings in Spain. [5] The results of this study are different; fist of all the number 
of apartment is 16 times bigger, and in our case there is a Solar Cooling demand, and in summer there is an increase 
of the thermal demand due to the increase of tourist population.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. SHC Potential by month 2012. 
 
In the studied case won’t be necessary a big Seasonal Storage due to the Heating demand and the increasing of 
population and Cooling demand at summer, when the radiation is higher, only the standard storage used for solar 
systems of some days will be needed. Actually there are about 2000 m2 of solar collectors installed in Palma Beach, 
all of them for DHW, this is less than the 5% of the total potential that could be installed, only for cover the 70% of 
DHW according to the Spanish law, Building Technical Code (“Codigo Tecnico de la Edificación”), Chapter HE 4.  
 
                     Table 1. Economic evaluation of Low & Medium Temperatures systems [7] 
Technology 
 ProductionkWh/m2 LEC Palma c€/kWh 
Investment €/m2 90ºC 150ºC 90ºC 150ºC 
FPC 131-500 620 < 113 2-4,8 59,6 
ETC 300-900 740 375 2,4-7,3 4,8-14,4 
FMSC 400-854 794 557 3-6,5 4,3-9,2 
 
 
The average total cost of a solar system for industrial applications in Spain can be from 131 to 500 €/m2 of FPC 
(Flat Plat Collectors), the cost of the ETC (Evacuated Tube Collectors) can be between 300 and 900€/m2 and from 
800 to 1054 €/m2 for concentrating Technologies [7] (FC (Fresnel Collectors), Fixed Mirror Solar Concentrator 
(FMSC)), compared with the real energy production cost of the common energy sources (natural gas, oil and power) 
in the Spanish market. The energy production results and the economical evaluation in order to define the Levelized 
Energy Cost (LEC) range for each solar collector depending on the situation, the working Temperature, the system 
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size and the financing rate. Solar thermal energy has smaller production cost values for systems working at a 
maximum of  90ºC regardless the location, this can be less than 4 c€/kWh [7]. 
 
The thermal cost can be different according to the energy source, from 3 c€/kWh with the FPC to the 7,5 c€/kWh 
with Medium Temperature Systems or Natural Gas.  The technologies for Solar cooling analyzed are the Absorption 
Systems. The benefit of double effect regarding the single effect cycles is that the cooling effect per unit of heat can 
be nearly doubled, and the cycle is continuous unlike other systems.  The double effect requires temperatures above 
140 ºC, but the COP can reach 1.0-1.3, and the Triple can reach 1.6.[8] 
 
             Table 2. Cost of the absorption effect vs thermal cost. 
Thermal Absorption c€/kWh Single=0,7 Double=1,2 Triple=1,3-1,6 
 CST/Gas 8 11 7 5 
ST/Biomass 2-3 2,8-4,2 1,7- 2,5 2-3 
 
 
The simulation is performed in order to define the annual energy production kWh/m2 (based on solar collector 
aperture area) of each of the collectors in each of the planned conditions. There is a potential of more than 70.000 
m2 of solar collectors, according of their efficiencies and technology [4](flat plate collectors(FPC), Evacuee Tube 
Collectors (ETC), concentrating collectors (Parabolic Through Collectors, FC, FMSC)), have been studied different 
scenarios, with temperatures of 90 ºC for FPC, with temperatures of 130ºC for ETC and with temperatures of 160 ºC 
for concentration technologies [4].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  3. Energy production of 3 scenarios by month. 
 
     Table 3. Resume of 3 scenarios for SHC Potential 2012. 
 
Solar Potential 
Surface m2 
Estimated 
Energy 
kWh/m2 
Solar fraction 
Cost of 
energy 
€/kWh 
Estimated 
Invest 
Estimated 
payback 
SH % SC % DHW % 10^3 € years 
FPC(90ºC) 100.000 564 23% 29% 88% 0,036 30.427 11 
ETC(130ºC) 70.000 907 29% 36% 99% 0,041 45.763 12 
FMSC(160ºC) 90.000 557 16% 35% 94% 0,048 45.854 13 
 
The simulation process first give priority to the DHW and second to the SH and SC. The SC will be produced in 
each building or neighborhood and the cost of the machinery it’s not included. The table result shows than without 
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seasonal storage, we can arrive to cover more than the 88% of the DHW demand. Solar Cooling could be near the 
30% in the three scenarios, and the Solar Heating can be between the 16 to 30% according to the scenario. In the 
three cases analyzed this system can cover more than the 60% of the thermal energy necessities. The solar Fraction 
could be more than 90% of DHW, more than 30% of Cooling and more than 20% of Heating. The total invest will 
be between 30 to 45 M€. Other scenarios could be analyzed, like thermal storage, Biomass or other technologies 
(geothermal, Heat Pump, Cogeneration,..), for reduce the pay back of the District Heating and Cooling and cover the 
100% of the thermal necessities with almost zero energy emissions. We have to take in account that there is already 
planed system of Biomass plant with a District Heating and Cooling with a cost of 11,5 M€, where the biggest 
amount are the pipes, taken out this investment will reduce more than a 10% the cost or the payback.  
   
The obtained heating costs of the Solar System can be similar compared with the cost of the heat obtained with a 
domestic boiler which it is about 70 - 100 €/MWh (including taxes, fixed cost and efficiency of the boiler) for 
consumers of about 5MWh/yr [5]. The Domestic hot water is the most variable system, depending of the technology 
( Electric boiler, Natural gas, heat pump,..), the electric cost in Spain it’s 214 €/MWh (including fixed cost  and 
taxes) for consumers of about 3,5 MWh/yr [9]. 
 
                                                Table 4. Conventional energy cost with the Solar System   
 
Conventional cost 
€/MWh 
 Large Solar System 
€/MWh 
Boiler Heating 70-110 Solar Heating 80 
Standard Cooling 71-107 Solar Cooling 100 
Domestic Hot Water 70-214 Domestic Hot Water 60 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Available areas for install the Solar Plants in the different scenarios. 
 
With the FPC, working at 90ºC, according to the Spanish law will be needed 60ºC of hot water, which needs a 
design system with a difference of temperature (in&out) at least of 10ºC (ΔT), depending of the heat exchanger, 
pumping, flows and piping design. Assuming that a rational diameter for this system will be less that 300 mm, this 
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results a distributed system, with 8 sectors, could be a distributed solar plant or a minimum of 4 Solar Plants (4x 
25.000 m2),.  For ETC, working at 130ºC, we could arrive to a piping with a ΔT to 30 or 40 ºC, that mean’s 4 
sectors, will be necessary a minimum of 2 Solar Plants(2x 35.000 m2). With the FMSC or other concentrating 
technologies we can arrive to a ΔT of 60ºC, with minimum 2 sectors, in this scenario could be only a Large Solar 
Plant (1x 90.000 m2).   
For the economic investment, has been included the cost of the solar field wich represents approximately the 80% 
of the equipment cost, the main pipeline, according to the diameter of each scenario, and adding a 20% for the other 
elements. Annual maintenance and operation cost, are estimated according to each system, each one has different 
number of surface, pumping power and number of pipe connections. According to this it has been calculated that 
from the investment cost there is 3 % for the FPC, 2% for the ETC and 1.2% for the FMSC. These cost, are in more 
reasonable numbers than other studies [5] and real projects are taken.  
4. Conclusions. 
The Large Central Solar Heating Plants in Spain can become an interesting alternative from conventional 
technologies, and in some cases, like tourist areas, can be without seasonal storage. In Spain there is a large amount 
of tourist areas with residential areas that can be applied a similar design, especially in the beach areas, and take 
profit of the increasing of population in summer with the increasing of solar radiation. All the solar thermal 
technologies can be used in Solar District Heating with similar prices and an appropriate design, they are more 
competitive with conventional technologies. The main difference is the payback and the working temperature. 
According to the actual energy cost the pay back of this investment will be less than 13 years in all the cases, with 
fixed prices, if we take in account the increasing of the fossil fuels, electricity and biomass has been between the 5-
10% the last years, the payback will be smaller. 
To push the market development, a strong effort that will be done in promoting the benefits of the technologies 
and results from other projects in the sectors of district heating and cooling and process heating and cooling. The 
issue of financing the “upfront investment in 25 years of heat production” will be dealt with - and models for 
services of Energy Service Companies (ESCo’s) will be proposed and sought tried out.  
Large Central Solar Heating Plants will be an excellent complement for the District Heating and Cooling with 
biomass that will be made in Palma Beach.  
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